Biomethane Supply Support Policy: System Dynamics Approach  by Repele, Mara et al.
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment.
doi: 10.1016/j.egypro.2016.09.044 
 Energy Procedia  95 ( 2016 )  393 – 400 
ScienceDirect
,QWHUQDWLRQDO6FLHQWLILF&RQIHUHQFH³(QYLURQPHQWDODQG&OLPDWH7HFKQRORJLHV´&21(&7
2FWREHU5LJD/DWYLD
%LRPHWKDQHVXSSO\VXSSRUWSROLF\V\VWHPG\QDPLFVDSSURDFK
0DUD5HSHOH0LNXV5DPDQLV*DWLV%D]EDXHUV
Institute of Energy Systems and Environment, Riga Technical University, Azenes iela 12/1, Riga, LV–1048, Latvia 
$EVWUDFW
6XSSRUWIRUUHQHZDEOHHQHUJ\FXUUHQWO\LVUHYLVHGLQPDQ\FRXQWULHVGXHWRWKHSHUFHSWLRQWKDWWKHHFRQRPLFEXUGHQFDXVHGE\WKH
VXSSRUWH[FHHGVWKHSHUPLVVLEOHOLPLW'HFUHDVHGRUVXVSHQGHGVXSSRUWFUHDWHVLQVWDELOLW\LQUHQHZDEOHHQHUJ\SURGXFWLRQ7KHUHLV
DODFNRIUHVHDUFKUHODWHGWRGHVLJQRIWKHVXVWDLQDEOHUHQHZDEOHHQHUJ\VXSSRUWSROLF\ZKLFKFRQVLGHUVWKHVWUXFWXUHRIWKHVXSSRUW
SROLF\V\VWHPLQGHWDLOOHDGLQJWRVXFFHVVIXOLPSOHPHQWDWLRQRIVXFKVXSSRUW7KHDLPRIWKHVWXG\ZDVWRFUHDWHWKHPRGHOZKLFK
KHOSVWRGHYLVHELRPHWKDQHVXSSO\VXSSRUWSROLF\SURYLGLQJFRQWUROODEOHDQGVWDEOHJURZWKRIELRPHWKDQHSURGXFWLRQRYHUWLPH
DYRLGLQJUHODSVHG³RYHUVKRRWVDQGRVFLOODWLRQV´LQWKHV\VWHP'XHWRWKHG\QDPLFDQGFRPSOH[FKDUDFWHURIHQHUJ\VXSSO\V\VWHP
SROLF\GHFLVLRQVV\VWHPG\QDPLFVZDVXVHGDVWKHPHWKRG7KHUHVXOWVVKRZWKDWWKHPDLQSDUDPHWHUVZKLFKKDYHDQLPSDFWRQ
VWDELOLW\RIWKHVXSSRUWSROLF\DUHIHHGEDFNVOLQNLQJWKHWRWDOELRPHWKDQHVXSSRUWSD\PHQWVWKHJUDQWHGSHUPLWVWKHSHUFHLYHGOLPLW
RIWKHVXSSRUWZLOOLQJQHVVWRLQYHVWLQWKHSURGXFWLRQDVVHWVDVZHOODVWLPHGHOD\VRIWKHDFWLRQUHVXOWLQJIURPWKHIHHGEDFNV7KH
UHVXOWVVKRZWKDWELRPHWKDQHSURGXFWLRQFDQUHDFKXSWR*:KZLWKWKHVXSSRUWRI(85SHU0:KLQZLWKRXWH[FHHGLQJ
WKHSHUFHLYHGVXSSRUWOLPLWDQGDYRLGLQJIOXFWXDWLRQVLQWKHV\VWHP7KHGHYHORSHGPHWKRGPRGHOFDQEHXVHGE\WKHUHVHDUFKHUV
DQGHQHUJ\SROLF\GHYHORSHUVWRVWXG\WKHG\QDPLFVRILQYHVWPHQWVLQWRELRPHWKDQHVXSSO\V\VWHPVDQGWKHUHVXOWLQJELRPHWKDQH
SURGXFWLRQYROXPHVGHSHQGLQJERWKRQWKHVL]HVRIWKHVXEVLGLHVSURYLGHGIRUWKHELRPHWKDQHDVZHOODVWKHVWUXFWXUHRIWKHVXSSRUW
V\VWHP
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI5LJD7HFKQLFDO8QLYHUVLW\,QVWLWXWHRI(QHUJ\6\VWHPVDQG(QYLURQPHQW
Keywords:ELRPHWKDQHHQHUJ\GHSHQGHQF\HQHUJ\VWUDWHJ\UHQHZDEOHHQHUJ\VXSSRUWSROLF\V\VWHPG\QDPLFV


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:PDUDUHSHOH#UWXOY
Available online at www.sciencedirect.com
© 2016 The Authors. Published by lsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment.
394   Mara Repele et al. /  Energy Procedia  95 ( 2016 )  393 – 400 
,QWURGXFWLRQ
7KHPRVWVLJQLILFDQWORFDOHQHUJ\UHVRXUFHVLQ/DWYLDDUHZRRGELRPDVVDQGK\GURHQHUJ\,QXSWRRQHWKLUG
RIWKHWRWDOSULPDU\HQHUJ\FRQVXPSWLRQZHUHSURYLGHGE\WKHORFDOHQHUJ\UHVRXUFHVLQWDOE\ELRJDV7KH
UHVWRIWKHSDUWRIWKHHQHUJ\UHVRXUFHVZHUHLPSRUWHGIURPGLIIHUHQWVWDWHVRIWKH%DOWLFUHJLRQWKH(XURSHDQ8QLRQ
(8DQGDOVRIURPWKLUGFRXQWULHVLQFOXGLQJ5XVVLD>@$OWKRXJKWKHVKDUHRIUHQHZDEOHHQHUJ\VRXUFHV5(6LQ
/DWYLDLQWKHILQDOHQHUJ\FRQVXPSWLRQLVTXLWHKLJK/DWYLDLVVWLOOKHDYLO\GHSHQGHQWRQQDWXUDOJDVVXSSOLHV
IURP5XVVLD>@SURYLGLQJRIWKHWRWDOSULPDU\HQHUJ\FRQVXPSWLRQ>@
/DWYLDKDVVHWDJRDOWRLQFUHDVHWKH5(6SURSRUWLRQLQWKHJURVVILQDOHQHUJ\FRQVXPSWLRQE\XSWRDQGLQ
DQGDFFRUGLQJO\DQGWRUHGXFHHQHUJ\LPSRUWIURPFXUUHQWWKLUGFRXQWU\VXSSOLHUVE\FRPSDUHGZLWK
>@6HYHUDOSUREOHPVZLOOKDYHWREHDGGUHVVHGLQ/DWYLD¶VHQHUJ\SROLF\LQWKHIXWXUHLH
x 5HTXLUHPHQWVIRUELRJDVLQMHFWLRQLQWRWKHQDWXUDOJDVWUDQVPLVVLRQV\VWHPKDYHQRWEHHQHVWDEOLVKHG>@
x 1RUHTXLUHPHQWVIRUWKHJDVTXDOLW\KDYHEHHQGHILQHG
x &XUUHQWQDWLRQDOVXSSRUWVFKHPHVFUHDWHDQDGGLWLRQDOEXUGHQRQWKHHQGXVHUV
$FFRUGLQJWRWKHUHSRUWRIWKH(XURSHDQ%LRJDV$VVRFLDWLRQWKHPRVWFRPPRQZD\WRVXSSRUW5(6LQWKH(8ZDV
WKURXJKDIHHGLQWDULII),7>@$ORQJZLWK6ZLW]HUODQG,WDO\DQG*UHHFH/DWYLDZDVRQHRIWKH(8VWDWHVZKHUH
ELRJDVFRJHQHUDWLRQSODQWVUHFHLYHGWKHKLJKHVWVXSSRUWIRUWKHSURGXFHGHOHFWULFLW\±(850:KIRUSODQWVZLWK
WKH HOHFWULF FDSDFLW\ XS WR  N: ZLWK HIILFLHQW &+3 SURGXFWLRQ >@ ),7 DQG WKH VWDWHGHWHUPLQHG PDQGDWRU\
SURFXUHPHQWV\VWHPLQ/DWYLDZDVYHU\VXFFHVVIXO LQSURPRWLQJ5(6HVSHFLDOO\ LQ WKHVPDOOK\GURSRZHUVHFWRU
ZKHUHWKHSURGXFWLRQLQFUHDVHGIURPWR*:KLQWKHSHULRGIURPWLOO>@DQGDOVRLQWKHELRJDVVHFWRU
<HWLWVKRXOGEHQRWHGWKDWWKHWHFKQRORJ\FRVWIRUSURGXFWLRQRIWKHHQHUJ\IURP5(6LVH[SHFWHGWRGHFUHDVHZLWK
WLPHDQGH[SDQVLRQRIWKHWHFKQRORJ\7KHUHIRUHLWLVSODQQHGWRVWRSDSSO\LQJ),7LQ/DWYLDDVLWKDVSURYHGWREH
VXLWDEOHDVDVKRUWWHUPLQFHQWLYHRQO\>@7KHZDLYHURI),7LVDOVRLQOLQHZLWKWKH(&JXLGHOLQHVZKHUHWKH(8
PHPEHUVWDWHVDUHHQFRXUDJHGWRUHSODFHWKH),7ZLWKDIHHGLQSUHPLXP),3WRWKHPDUNHWSULFH7KDWLV0HPEHU
6WDWHVDUHVXJJHVWHGWRFUHDWHDQGLQLWLDWHVXSSRUWPHFKDQLVPVGHYHORSHGDFFRUGLQJWRPDUNHWEDVHGSULQFLSOHV>@,Q
IRXU(8FRXQWULHVLHLQWKH1HWKHUODQGV'HQPDUN(VWRQLDDQG)LQODQGWKH),3V\VWHPLVLPSOHPHQWHGWRVXSSRUW
SURGXFHUVRIHOHFWULFLW\IURP5(6>@
7KHQXPEHURIELRJDVSODQWVLQ/DWYLDKDVLQFUHDVHGVORZO\VLQFH7RDFHUWDLQH[WHQWWKLVZDVXUJHGE\WKH
(8DQGJOREDOWUHQGVWRVKLIWWR5(6WRVRPHH[WHQWDOVRLQWKHFRQWH[WRIWKH.\RWR3URWRFRODVZHOODVWKHIDFWWKDW
(8 IXQGV VXSSRUWLQJ VXFKSURMHFWV EHFDPH DYDLODEOH /DWYLD MRLQHG(8 LQ  ,W VKRXOGEHQRWHG WKDW VHYHUDO
PLQLVWULHVDUHLQYROYHGZLWK5(6LVVXHVLQ/DWYLD(DFKRIWKHPGHYHORSVWKHLURZQJXLGHOLQHVUXOHVDQGUHJXODWLRQV
DQGEHVLGHVPLQLVWULHVKDYHZHDNPXWXDOFRPPXQLFDWLRQ:KHUHZLWKDOEXWPDLQO\GXHWRWKHQRWDEOHILQDQFLDOVXSSRUW
WKDWEHFDPHDYDLODEOHHJ(83URJUDPIRU$JULFXOWXUHLVDYDLODEOHLQ/DWYLD±LWFRYHUVDERXWRILQYHVWPHQWV
FRVWVDQGDOVRGXHWRWKHUHJXODWRU\FKDQJHVLQWKHZLOOLQJQHVVWRLQYHVWLQELRJDV&+3¶VLQFUHDVHGUDSLGO\DQG
LWFUHDWHGDVLWXDWLRQWKDWDOOWKHTXRWDVZLWKLQWKHPDQGDWRU\SURFXUHPHQWVFKHPHZHUHUHDFKHGLQDYHU\VKRUWWLPH
6LQFH  LQVWDOOHG QHW HOHFWULF FDSDFLWLHV RI SRZHU SODQWV XVLQJ 5(6 LQFOXGLQJ ELRJDV SODQWV KDYH UDSLGO\
LQFUHDVHG8QWLORQO\DIHZELRJDVSODQWVZHUHLQRSHUDWLRQILYH\HDUVODWHUWKHUHZHUHDOUHDG\ELRJDVSODQWV
WHQPRUHSODQWVVWDUWHGWRRSHUDWHLQ>@DQGELRJDVSODQWVVROGWKHSURGXFHGHOHFWULFLW\LQDFFRUGDQFHZLWK
WKHPDQGDWRU\SURFXUHPHQWLQ>@
6LQFHWKH),7LQ/DWYLDLVERXQGWRWKHSULFHRIQDWXUDOJDVZKLFKKDVUDSLGO\ULVHQWKHRYHUDOOHOHFWULFLW\SULFHKDV
DOVRLQFUHDVHG7KLVVLWXDWLRQOHGWRVWURQJGLVVDWLVIDFWLRQLQ WKHLQGXVWULDOVHFWRU7KHJRYHUQPHQWGHFLGHGWR WDNH
PHDVXUHVWRVWDELOL]HWKHVLWXDWLRQ,QWKHTXRWDVWKHJUDQWLQJULJKWWRVHOOWKHSURGXFHGHOHFWULFLW\DVWKHDPRXQW
RIHOHFWULFLW\WREHPDQGDWRULO\SURFXUHGDQGWKHULJKWWRUHFHLYHDJXDUDQWHHGIHHIRUWKHHOHFWULFFDSDFLW\LQVWDOOHGLQ
DSRZHUSODQWZDVVXVSHQGHGDQGWKLVGHFLVLRQPRVWOLNHO\ZLOOUHPDLQLQIRUFHXQWLO&RPSOH[XQFOHDUDQG
XQVWDEOH 5(6UHODWHG OHJLVODWLRQ OHG WR WKH VLWXDWLRQ WKDW WKH ZLOOLQJQHVV WR LQYHVW GHFUHDVHG UDSLGO\ DQG WKH
GHYHORSPHQWRIWKH5(6HQHUJ\VHFWRULQ/DWYLDLQUHFHQW\HDUVKDVFRPHWRDVWDQGVWLOO,QDGGLWLRQDQXPEHURI
SUREOHPVZHUHLGHQWLILHGDQGDQXPEHURIFRQFOXVLRQVZHUHGUDZQ7KHPDLQFRQFOXVLRQVLQFOXGHWKHUHLVDQHHGWR
FKDQJHWKHSULFLQJIRUPXODVHOHFWLRQRIWKHTXRWDDFTXLUHUVKRXOGEHFDUULHGE\WKHSULFHRIIHUHGDQGDZHOOGHILQHG
FRQWUROPHFKDQLVPVKRXOGEH LQLWLDWHG)RU WKH ODWWHUVXJJHVWLRQ LQ WKHFDVHRIDQHZELRJDVSODQW WKHHOHFWULFLW\
SURGXFWLRQKDGWREHJLQZLWKLQPRQWKVRILVVXDQFHRIWKHOLFHQVHWKHTXRWDZDVYDOLGIRU\HDUV
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8SJUDGHGELRJDVELRPHWKDQHLVDZHOOPDQDJHDEOHHQHUJ\VRXUFH,WFDQEHLQMHFWHGGLUHFWO\LQWRWKHQDWXUDOJDV
JULGVWRUHGGLVWULEXWHGDQGXVHGLQWKHVDPHZD\DVQDWXUDOJDVDQGLWGRHVQRWGHSHQGRQVHDVRQDOLW\7KHUHIRUH
ELRPHWKDQH LVNQRZQDVRQHRI WKHPRVW LPSRUWDQWUHQHZDEOHVXEVWLWXWHVIRUQDWXUDOJDV%XW WKHPDLQEDUULHUIRU
ELRPHWKDQHLQMHFWLRQLVWKHFRVWRIELRJDVSURGXFWLRQXSJUDGLQJDQGGHYHORSPHQWRILQIUDVWUXFWXUH,QDGGLWLRQWKHUH
LVQROHJDOIUDPHZRUNIRUWKHELRPHWKDQHJULGLQMHFWLRQLQ/DWYLD
$VDWRROIRUWKHFRQFHSWXDOL]DWLRQRIHQHUJ\V\VWHPVWKHV\VWHPG\QDPLFV6'DSSURDFKLVVXFFHVVIXOO\XVHGWR
DGGUHVVYDULRXVHQHUJ\SROLF\LVVXHVERWKZRUOGZLGHDQGLQ/DWYLD)RULQVWDQFHVWUXFWXUDOYDOLGLW\RID6'PRGHOWR
DVVHVVWKHHQHUJ\SROLF\RI3DNLVWDQZDVFDUULHGRXWE\>@6'DSSURDFKLQFRPELQDWLRQZLWKWKHTXDOLW\IXQFWLRQ
GHSOR\PHQWZDVXVHGWRFUHDWHWKHHQHUJ\VHFXULW\PDQDJHPHQWPRGHOLQGHYHORSLQJHFRQRPLHVZLWKWKH.RUHDQJDV
VHFWRUDVDQH[DPSOH>@WRXQGHUVWDQGWKHG\QDPLFVRIHOHFWULFLW\JHQHUDWLRQFDSDFLW\LQ&DQDGD>@DVZHOODVWR
DVVHVVWKHUROHRIUHQHZDEOHHQHUJ\SROLFLHVLQHQHUJ\GHSHQGHQF\LQ)LQODQG>@DQGWRDQDO\]HWKHG\QDPLFVRIWKH
ELRPHWKDQHSURGXFWLRQFKDLQ>@6'PRGHOLQJZDVDOVRDSSOLHGIRUUHQHZDEOHHQHUJ\DQG&2HPLVVLRQVLQ(FXDGRU
>@DQGWRVHHKRZ&KLQDPLJKWDFKLHYHLWVHPLVVLRQVWDUJHW>@7KH6'DSSURDFKDOVRKDVEHHQXVHGLQVHYHUDO
VWXGLHVRIWKH/DWYLDQHQHUJ\LVVXHVEHIRUHRQZRRGHQHUJ\PDUNHWGHYHORSPHQW>@DQGWRSURPRWHWKHXVHRIZRRG
IXHO LQ WKH/DWYLDQGLVWULFWKHDWLQJ V\VWHP >@ DVZHOO DV WRGHVLJQ WKH IXWXUHELRGLHVHO SROLF\ DQGFRQVXPSWLRQ
SDWWHUQV >@ WR LQYHVWLJDWH WKH FRQFHSWXDO V\VWHP WKDW XVHV LQWHUPLWWHG UHQHZDEOH HQHUJ\ UHVRXUFHV WR SURGXFH
K\GURJHQDQGIXHO>@DQGWRRXWOLQHWKHG\QDPLFVXQGHUWKHPDUNHWRIHQHUJ\HIILFLHQF\LQERWKPXQLFLSDOLW\DQG
VWDWHRZQHGEXLOGLQJV>@

1RPHQFODWXUH
&+3 FRPELQHGKHDWDQGSRZHUSODQWV
&/' &DXVDOORRSGLDJUDP
),3 IHHGLQSUHPLXP
),7 IHHGLQWDULII
/+9 ORZHUKHDWLQJYDOXH
03& PDQGDWRU\SURFXUHPHQWFRPSRQHQW
5(6 UHQHZDEOHHQHUJ\VRXUFHV

0HWKRGV
7KHDLPRIWKHVWXG\ZDVWRFUHDWHDPRGHOZKLFKKHOSVWRGHYLVHELRPHWKDQHSURGXFWLRQVXSSRUWSROLF\SURYLGLQJ
FRQWUROODEOHDQGVWDEOHJURZWKRIWKHELRPHWKDQHSURGXFWLRQRYHUWLPHDYRLGLQJUHODSVHG³RYHUVKRRWVDQGRVFLOODWLRQV´
LQ WKH V\VWHP 'XH WR WKH G\QDPLF DQG FRPSOH[ FKDUDFWHU RI HQHUJ\ VXSSO\ V\VWHP SROLF\ GHFLVLRQV WKH EDVLF
LQWHUGLVFLSOLQDU\6'>±@DSSURDFKZDVXVHG
7KHVFRSHRIWKHPRGHOLQFOXGHVWKHSDUWVUHSUHVHQWLQJDSROLF\IRUJUDQWLQJELRPHWKDQHSURGXFWLRQSHUPLWVDQG
G\QDPLFVRIFRQVWUXFWLRQRIWKHSK\VLFDODVVHWVIRUWKHELRPHWKDQHSURGXFWLRQ7KHVHSDUWVDUHPRGHOHGDVFRIORZV
DQGVWRFNVRISHUPLWVDQGSK\VLFDOELRPHWKDQHSURGXFWLRQDVVHWV7KHPRGHOZDVYDOLGDWHGXVLQJGDWDDERXWKLVWRULF
G\QDPLFVRILQFUHDVHRIWKHFDSDFLW\RIWKHELRJDVFRJHQHUDWLRQSODQWVLQ/DWYLD+LVWRULFDOGDWDZHUHJDWKHUHGIURP
WKHUHJLVWHUVRIWKH0LQLVWU\RI(FRQRPLFVDQG&HQWUDO6WDWLVWLFDO%XUHDXRI/DWYLD>@
'XHWRWKHQXPEHURIIDFWRUVZKLFKKDYHDQHIIHFWRQHQHUJ\SROLF\DVZHOODVWKHFRPSOH[LW\RIVXFKV\VWHP
WKH6'DSSURDFKZDVXVHGWRUHYLHZWKHFRQVHTXHQFHVRISROLFLHVDQGVFHQDULRV)LJVKRZVWKHPDLQHOHPHQWV
DQGWKHIHHGEDFNORRSVZKLFKH[SODLQWKHH[LVWLQJVWUXFWXUHRIELRJDV&+3VXSSRUWV\VWHPDQGWKHSUREOHPVLW
FUHDWHG
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
)LJ&DXVDOORRSGLDJUDP&/'GHILQHGLQDUHVHDUFKWRDVVHVVWKHELRJDV&+3VXSSRUWV\VWHP

)LJ&RPSDULVRQRIWKHDFWXDOWLOOVLPXODWHGDQGSODQQHG>@WRWDOLQVWDOOHGHOHFWULFFDSDFLWLHVRIELRJDV&+3SODQWV
$FFRUGLQJWR)LJDQGLWLVDW\SLFDO6VKDSHGJURZWKV\VWHP6XSSRUWSROLF\SRVLWLYHO\DIIHFWVWKHQXPEHURI
SHUPLWV UHFHLYHG 7KLV LQ WXUQ LQFUHDVHV DJUDQWLQJ UDWH DQGSODQW FDSDFLW\ LQRSHUDWLRQ DQG DOVR VHTXHQWLDOO\
FDSDFLW\ LQ RSHUDWLRQ LV LQFUHDVHG E\ WKH ZLOOLQJQHVV WR LQYHVW 7KH FDSDFLW\ LQ RSHUDWLRQ LQFUHDVHV PDQGDWRU\
SURFXUHPHQWRIHOHFWULFLW\WKDWFDXVHVLQGXVWU\GLVVDWLVIDFWLRQDQGFUHDWHVSUHVVXUHRQSROLF\PDNHUVDQGKHQFHFDXVHV
QHJDWLYHHIIHFWRQVXSSRUWSROLF\7KHSUREOHPIURPWKHSROLF\SRLQWRIYLHZZDVVXFKWKDWSROLF\PDNHUVVWDUWHG
WRUHDFWRQO\ZKHQSUHVVXUHRILQGXVWU\UHDFKHGDFHUWDLQOHYHODQGWKHUHDFWLRQZDVVXGGHQWKHWHUPLQDWLRQRISHUPLW
JUDQWLQJ
8VLQJWKHVWUXFWXUHZKLFKLVSUHVHQWHGE\WKHDERYH&/'D6'PRGHOLVFRQVWUXFWHGWRGHYHORSELRPHWKDQHVXSSO\
VXSSRUWSROLF\$FFRUGLQJWR/DWYLD¶VQDWLRQDODFWLRQSODQIRUSURPRWLQJUHQHZDEOHHQHUJ\/DWYLDVKRXOGKDYHDWRWDO
LQVWDOOHGHOHFWULFFDSDFLW\RIELRJDVSODQWVHTXDOWR0:E\>@)LJLOOXVWUDWHVWKHKLVWRULFDOSDFHDQG
IXWXUHWUHQGUHTXLUHGWRDFKLHYHWKLVJRDODQGLILWLVFKRVHQWRFRQWLQXHVXSSRUWRIWKHHOHFWULFLW\SURGXFHGE\WKH
ELRJDV&+3SODQWV
7KH6'PRGHOZKLFKUHSUHVHQWVWKHKLVWRULFDOJURZWKRIWKHWRWDOLQVWDOOHGHOHFWULFFDSDFLW\RIELRJDV&+3SODQWV
ZDVFUHDWHGDQGYHULILHGZLWKKLVWRULFGDWDDERXWWKHG\QDPLFVRILQFUHDVHRIWKHFDSDFLW\RIWKHELRJDVFRJHQHUDWLRQ
SODQWVLQ/DWYLD7KHYHULILHGPRGHODIWHUVRPHPRGLILFDWLRQVRIWKHVWUXFWXUHDGGLWLRQDODX[LOLDU\SDUDPHWHUVZHUH
LQWURGXFHGDQGWKH\DUHGHVFULEHGIXUWKHUZDVXVHGWRGHYHORSIXWXUHVFHQDULRVIRUELRPHWKDQHVXSSRUWSROLF\
%LRPHWKDQHVXSSRUWSROLF\LVPRGHOHGDOPRVWWKHVDPHDVWKHH[LVWLQJELRJDV&+3VXSSRUWV\VWHP)LJ7KH
VWUXFWXUH RI WKH PRGHO LQFOXGHV WKH SDUWV UHSUHVHQWLQJ D SROLF\ IRU JUDQWLQJ ELRPHWKDQH SURGXFWLRQ SHUPLWV DQG
G\QDPLFVRIFRQVWUXFWLRQRIWKHSK\VLFDODVVHWVIRUWKHELRPHWKDQHSURGXFWLRQ7KHVHSDUWVDUHPRGHOHGDVFRIORZV
DQGVWRFNVRISHUPLWVDQGSK\VLFDOELRPHWKDQHSURGXFWLRQDVVHWV)LJ
7KH6'PRGHOZDVGHYHORSHGXVLQJ WKH3RZHUVLP6WXGLR VRIWZDUHSODWIRUP DQG WKH VLPXODWLRQSHULRGZDV
VHOHFWHGWREH±
7KHUHDUHWKUHHVWRFNVZLWKWKHUHVSHFWLYHIORZV
x 3HUPLWVUHFHLYHGDQGJUDQWHGFDQFHOODWLRQUDWHRISHUPLWVDVZHOODVWKHIORZRIDQQXDOSHUPLWVOHDGLQJWRLQYHVWPHQW
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x &DSDFLW\XQGHUFRQVWUXFWLRQ
x &DSDFLW\LQRSHUDWLRQZLWKFDSDFLW\RUGHUUDWHFRPPLVVLRQLQJDQGGHFRPPLVVLRQLQJUDWH
7KH µ*UDQWLQJ UDWH¶ LQ WKHPRGHORIELRPHWKDQHVXSSRUWSROLF\ LV LQIOXHQFHGE\ WZRQHZO\ LQWURGXFHGGHOD\HG
SDUDPHWHUVµ*UDQWLQJUDWHRIGHFRPPLVVLRQHGSHUPLWV¶DQGµ(IIHFWRIWKHIUDFWLRQRQWKHJUDQWLQJUDWH¶7KHODWWHULV
WKHPDLQLQVWUXPHQWRIWKHVXSSRUWSROLF\LHWKHSUHGHWHUPLQHGUHODWLRQEHWZHHQWKHUDWLRRIDFWXDODQGOLPLWVHWE\
SROLF\PDNHUV YDOXHV RI WKH VXSSRUW DQG DQQXDOO\ JUDQWHG SHUPLWV RI ELRPHWKDQH SURGXFWLRQ FDSDFLW\ 7KH
µ&DQFHOODWLRQUDWH¶UHSUHVHQWVWKHSHUPLWVZKLFKDUHFDQFHOOHGLIQRWUHDOL]HGGXULQJWKHWZR\HDUSHULRG,WLVDVVXPHG
WKDWZLOOLQJQHVVWRLQYHVWZLOOUDSLGO\LQFUHDVHIRUWKHILUVW\HDUVVLQFHZKHQWKHWUXVWWRWKHVXSSRUWSROLF\ZLOO
EH UHHVWDEOLVKHGDQG WKHQZLOO UHPDLQVWDEOHDWD OHYHORI:LOOLQJQHVV WR LQYHVWGHWHUPLQHV WKHQXPEHURI
SHUPLWV OHDGLQJ WR LQYHVWPHQW LH µ&DSDFLW\ RUGHU UDWH¶7KH µ&RPPLVVLRQLQJ UDWH¶ LV GHVLJQDWHG E\ WKH DYHUDJH
FRQVWUXFWLRQWLPHPRQWKVRIWKHSODQWDQGE\WKHµ&DSDFLW\XQGHUFRQVWUXFWLRQ¶7KHµ'HFRPPLVVLRQLQJUDWH¶LV
GHWHUPLQHGE\WKHSHULRGRIVXSSRUW\HDUVDQGµ&DSDFLW\LQRSHUDWLRQ¶


)LJ&DXVDOORRSGLDJUDPUHSUHVHQWLQJWKHVWUXFWXUHRIWKHELRPHWKDQHVXSSRUWSROLF\

)LJ6\VWHPG\QDPLFVPRGHORIELRPHWKDQHVXSSO\VXSSRUWSROLF\
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),3
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7KHPRGHODOVRWDNHVLQWRDFFRXQWLQVWDOOHGHOHFWULFFDSDFLW\RIWKHH[LVWLQJELRJDV&+3SODQWVHOHFWULFLW\SURGXFHG
IURPELRJDV&+3SODQWVDQGDOVRVXSSRUWSD\PHQWV±),7IRUELRJDV&+3HOHFWULFLW\DQDYHUDJH),7SDLGGXULQJWKH
ODVW \HDUV LV (85SHU0:K 6SDWLDO OD\RXW RI WKH ELRJDV SURGXFWLRQ DQG XSJUDGLQJ LQIUDVWUXFWXUHZDV QRW
FRQVLGHUHGLQWKHVWXG\EXWFRQVWUXFWLRQRIJDVSLSHOLQHVLQDYHUDJHGLVWDQFHRINPIRURQHSODQWIRULQMHFWLRQ
LQWRWKHQDWXUDOJDVJULGZDVLQFOXGHGLQWKHLQYHVWPHQWV/LPLWRIVXSSRUWLVVHWDWPLOOLRQ(85SHU\HDUZKLFK
ZDVWKHDYHUDJHSD\PHQWGXULQJODVW\HDUVWRVXSSRUWHOHFWULFLW\SURGXFHGDWWKHELRJDV&+3SODQWV
'XH WR ODFN RI KHDW ORDGV IRU WKH H[LVWLQJ ELRJDV &+3 SODQWV ELRPHWKDQH SURGXFWLRQ LQVWHDG RI HOHFWULFLW\
SURGXFWLRQPD\EHVXSSRUWHGLQWKHIXWXUH7KHUHIRUHWZRGLIIHUHQWVXSSRUWSROLFLHVZHUHFRQVLGHUHGDQGVLPXODWHG
XVLQJWKHPRGHO

x )HHG,Q7DULII),7±WKHFRQVWDQWSUHYLRXVO\FDOFXODWHGWDULIIZKLFKLVTXRWHGLQWKHORQJWHUPFRQWUDFWEHWZHHQ
ELRPHWKDQHSURGXFHUDQGJRYHUQPHQW
x )HHG,Q3UHPLXP),3±PRUHPDUNHWRULHQWHG),7GHVLJQZKHQDSUHPLXPSD\PHQWRQWRSRIQDWXUDOJDVPDUNHW
SULFHLVSDLG,WLVDVVXPHGWKDWWKHIL[HGUHYHQXHLVJXDUDQWHHGDQGWKHSUHPLXPYDULHVDVDIXQFWLRQRIQDWXUDOJDV
PDUNHW SULFH%RWK),7DQG),3 DUH DIIHFWHGE\GHFUHDVLQJ VSHFLILF LQYHVWPHQW LQ WKHELRPHWKDQHSURGXFWLRQ
IDFLOLWLHVGXHWROHDUQLQJHIIHFW
5HVXOWVDQGGLVFXVVLRQ
$WSUHVHQWWKHDPRXQWZKLFKLVSDLGDVDVXSSRUWIRUHOHFWULFLW\SURGXFHGDWELRJDV&+3SODQWVLVDERXWPLOOLRQ(85
5HVXOWVVKRZWKDWLIWKHFRQVWDQW),7LVLQLWLDWHGIRUWKHILUVWWKUHH\HDUVZKLOHWKHELRPHWKDQHLQGXVWU\LVLQWKHGHYHORSPHQW
VWDJHWKHDPRXQWRIVXSSRUWWREHSDLGZRXOGGHFUHDVHDORQJZLWKWKHUHGXFWLRQRIWKHDPRXQWRIHOHFWULFLW\SURGXFHGIURP
ELRJDV)LJD+RZHYHULQWKHFRPLQJWKUHH\HDUVGXHWRGHYHORSPHQWRIWKHVHFWRUWKHVXSSRUWOLPLWLHPLOOLRQ
(85SHU\HDUZRXOGEHDFKLHYHGDQGDQRYHUVKRRWZRXOGEHFDXVHGIRUERWKWKHVXSSRUWSD\PHQWIRUELRPHWKDQHDQGWKH
WRWDOVXSSRUWSD\PHQWDQGLWZRXOGUHPDLQKLJK)LJD%HVLGHVWKHVXSSRUWZRXOGEHVXIILFLHQWWRSURGXFHDSSUR[LPDWHO\
*:KSHU\HDULQWKHHQGRI)LJE$FFRUGLQJWRHVWLPDWHVWKHPRVWUDSLGGHYHORSPHQWRIWKHELRPHWKDQH
VHFWRUZRXOGEHJLQLQWKHWKLUG\HDULWLVDVVXPHGWKDWWZR\HDUVDUHQHFHVVDU\IRUSODQWFRQVWUXFWLRQDQGZRXOGFHDVHLQ
WKHWHQWK\HDU7KHYROXPHRISURGXFHGELRPHWKDQHZRXOGHYHQVWDUWWRGHFOLQHDWWKHHQGRIWK\HDU)LJE
2QWKHFRQWUDU\LI),3VXSSRUWSROLF\ZRXOGEHLQLWLDWHGELRPHWKDQHLQGXVWU\ZRXOGGHYHORSDOLWWOHELWVORZHULQLWLDOO\
EXWVXSSRUWSD\PHQWIRUELRPHWKDQHZRXOGQRWH[FHHGWKHOLPLW)LJD,QFDVHRIWKH),3VXSSRUWSROLF\WKHSD\DEOH
DPRXQWRIVXSSRUWZRXOGGHFUHDVHIRUWKHILUVWIRXU\HDUVEXWWKHQLWZRXOGJUDGXDOO\LQFUHDVHUHDFKLQJWKHOLPLWGXULQJWKH
QH[WHLJKW\HDUV)LJD0RUHRYHUZLWKWKH),3VXSSRUWSROLF\*:KRIELRPHWKDQHFRXOGEHSURGXFHGDQQXDOO\DW
WKHHQGRI)LJE/LNHLQWKHFDVHRI),7VXSSRUWSROLF\WKHDPRXQWRIELRPHWKDQHSURGXFHGZRXOGVWDUWWRLQFUHDVH
LQWKHUG\HDU+RZHYHUXQOLNHWKH),7LQFHQWLYHGHYHORSPHQWRIWKHELRPHWKDQHVHFWRUZRXOGQRWVWRSRUUHGXFHLQWKH
FRPLQJWHQHOHYHQ\HDUVLQFDVHRI),7)LJE2QWKHFRQWUDU\LQWRWDOQHDUO\E\*:KPRUHRIELRPHWKDQHZRXOG
EHSURGXFHGZLWK),3WKDQZLWK),7VXSSRUWSROLF\,WLVFDOFXODWHGWKDWWKH),3SD\PHQWIRURQH0:KRIELRPHWKDQHZRXOG
GHFUHDVHE\(85GXULQJWKHSHULRGIURPWRDQGWKH),3LQZRXOGEH(85SHU0:KRIELRPHWKDQH
$QDO\]LQJWKHWRWDODPRXQWRIVXSSRUWSD\PHQWVWKDWKDYHEHHQGLVEXUVHGWRLWFDQEHFRQFOXGHGWKDWDFFRUGLQJWR
WKH),7VXSSRUWSROLF\WKHDPRXQWWREHSDLGIRUWKHSURGXFHGELRPHWKDQHZRXOGEHPLOOLRQ(85KLJKHUWKDWZRXOG
EHSDLGZLWKWKH),3VXSSRUWSROLF\7KLVGLIIHUHQFHLVH[SODLQHGE\WKHGLIIHUHQWSROLF\DSSURDFKHV),7FRXOGEHGHILQHG
DVDFRQVWDQWSUHYLRXVO\FDOFXODWHGWDULIIZKLFKLVSDLGIRUDORQJSHULRGIRUH[DPSOH\HDUVEXWSROLF\PDNHUVFDQDOVR
GHVLJQLWGHFUHDVLQJRYHUWLPH:KHUHDV),3LVDPDUNHWRULHQWHGWDULIIZLWKDSUHPLXPSD\PHQWRQWRSRIWKHQDWXUDOJDV
PDUNHWSULFH7KHUHIRUHZKHQWKHQDWXUDOJDVSULFHVULVHWKHQWKHSD\DEOH),3DPRXQWGHFUHDVHV,QDGGLWLRQWKHSD\DEOH
),3 DPRXQW DOVR LV LQIOXHQFHG DQG GHFUHDVHG GXH WR WKH OHDUQLQJ HIIHFW ZKHQ VSHFLILF LQYHVWPHQW LQ WKH ELRPHWKDQH
SURGXFWLRQIDFLOLWLHVGHFUHDVHV5HJDUGOHVVRIWKHFKRVHQSROLF\WKHVKDUHRIWKHVXSSRUWIRUHOHFWULFLW\IURPELRJDV&+3LQ
WKHWRWDOVXSSRUWJUDGXDOO\GHFOLQHVEHFDXVHWKHVXSSRUWSHULRGIRUWKHH[LVWLQJELRJDV&+3SODQWVHQGV
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
 D E
)LJD&RVWVRI),7VXSSRUWSROLF\E%LRPHWKDQHDQGELRJDV&+3SURGXFHGHOHFWULFLW\

 
 D E
)LJD&RVWVRI),3VXSSRUWSROLF\E%LRPHWKDQHDQGELRJDV&+3SURGXFHGHOHFWULFLW\
$FFRUGLQJWRWKH3URSRVDOIRUD(XURSHDQ%LRPHWKDQH5RDGPDS>@WZR\HDUVDJRELRPHWKDQHZDVSURGXFHGLQ
(XURSHDQFRXQWULHVDQGWKHELRPHWKDQHVHFWRULVHYROYLQJTXLWHUDSLGO\>@,Q(XURSHDQFRXQWULHVPRVWO\RI
FDVHV LQ WKH1HWKHUODQGVDQG8QLWHG.LQJGRPDQGaRIFDVHV LQ*HUPDQ\>@ELRPHWKDQH LVIHG LQWR ORFDO
QDWXUDO JDVJULGV7KHVH IDFWV DJUHHZLWK DVVXPSWLRQV DERXW GHYHORSPHQWRIELRPHWKDQH VHFWRU LQ/DWYLD DQG WKH
VFHQDULRWKDWDOVRLQ/DWYLDELRPHWKDQHZRXOGEHLQMHFWHGLQWRWKHQDWXUDOJDVJULG,WLVFOHDUWKDWXQGHUWKHFXUUHQW
PDUNHWFRQGLWLRQVELRPHWKDQHSURGXFWLRQVKRXOGEHVXSSRUWHGWRFRPSHWHZLWKQDWXUDOJDVVDOHVSULFH7KHUHSRUW¶V
>@DXWKRUVDGPLWWKDWWKHELRPHWKDQHSURGXFWLRQUDWHZRXOGLQFUHDVHLIDVXSSRUWPHFKDQLVPIRUELRPHWKDQHJULG
LQMHFWLRQZHUHLQWURGXFHGWRPDNHWKHSURGXFWLRQHFRQRPLFDOO\FRPSDUDEOHZLWKWKHSULFHRIHOHFWULFLW\SURGXFHGDW
ELRJDV&+3SODQWV&XUUHQWO\)UDQFHDQG8QLWHG.LQJGRPKDYH LQWURGXFHG),7IRUELRPHWKDQH LQMHFWLRQ LQWR WKH
QDWXUDOJDVJULG>@,Q)UDQFH),7LVGHSHQGHQWRQWKHFDSDFLW\RIELRPHWKDQHSODQWDQGWKHW\SHRIIHHGVWRFNXVHG
,QDGGLWLRQSUHIHUHQFHLVJLYHQWRVPDOOHUVL]HXQLWVSURFHVVLQJRUJDQLFZDVWHPDWHULDOV>@,QRWKHU(8FRXQWULHV
GLIIHUHQWLQFHQWLYHVDUHLQWURGXFHGVXFKDVµWHFKQRORJ\ERQXV¶IRUJHQHUDWLQJUHQHZDEOHHOHFWULFLW\LQ*HUPDQ\DQG
$XVWULDWD[UHOLHIVLQ6ZHGHQ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